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® Condition indicator system for wearable elements. 



® A condition indicator system for a wearable ele- 
ment (2.3 or 53.54) comprising an optical fibre (11 or 
59,60) attached to or within a wearable element, 
means (20,21 or 55.62,65) connected to one end (17 
or 46) of the optical fibre to transmit a light signal 
therethrough, means (18,19 or 66,63.56) connected 
to the other end (22 or 47) of the optical fibre to 
2 detect the transmitted light signal, wherein the de- 
" lector means (36) are an^ged to produce an output 
IN signal contingent upon the transmitted light signal 
Oand warning means (38,39) connected to the outputs 
"of the detector means are ananged to generate a 
CDfallure signal when the detector means output signal 
*0 changes; the wearable element may be a carbon 
electrical traction cunent collector or a bnish for a 
O dynamo-electric machine and the optical fibre may 
Q_be attached to the wearable element in such manner 
lythat breal<age of the wearable element would break 
the optical fibre and/or the optical fibre may be fixed 
to a given wear point for the wearable element such 



that wear of the element to the wear point will break 
the opb'cai fibre. 
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coNprnoN aaiCATOR system for wearable elements 



This inventiorr relies to a condition incffealar 
system for we^^e eiemente amis as cracfe or 
wear indication of a carbon etectricftaciion current- 
collector, wear indication in a carbon brush for a 
dynamo electric machine or wear indication in 
brake pads or linings. The present inveofion par- 
ticuiarly but not escdusively refates to a condition 
indicator system, ftr use in regions of high sfrengtti 
electric or magnetic fields. 

raiure indicators for the carbon electric tea?- 
tion cunBnt-collectars of a pantograph for a railway 
power car or lommotive have to operate in the 
environment of a 25 kv supply together with expo- 
sure above the roof of a power car and be fully 
insulated and isolated from and unaffected by such 
an environment. A known collector ixieakage sys- 
tem operates pneumatically and interfaces with an 
auto drop device that operates to drop the pan- 
tograph in the event of the collector being damag- 
ed, to prevent further damage to the overhead 
contact wire; see for example the collector break- 
age detector system described In GB PS 1374972 
and GB PS 21Q7B62A. 

Known dyn»na electric bru^ wear indicator 
systems depend upon an electrically conductive 
wire detector embedded in a brush and contacting 
the commutator or slip ring at a given wear point, 
the combination of an electrical detector system 
with electric supply through the brush to the com- 
mutator or slip ring of a dynamo electric machine 
in the harsh electromagnefic environment within 
such a machine is both difficult, complicated, ex- 
pensive and liable to damage the commutator or 
slip ring; see for example the brush wear detector 
system described in US PS 4316186. 

It is an object of the present invention to pro- 
vide a condition indicator system for a wearable 
element that is insulated and isolated from the 
element and the environment in which the element 
is employed. 

According to the present invention a condition 
Indicator system for a wearable element compris- 
ing an optical fibre attached to or within a wearable 
element, means connected to one end of the op- 
tical fibre to transmit a light signed therethrough, 
means connected to the other element of the op- 
tical fibre to detect the ti-ansmitted light signal, the 
detector means being an-anged to produce an out- 
put signal contingent upon the transmitted light 
signal and warning means connected to the output 
of the detector means arranged to generate a fail- 
ure signal when tfie detector means output signal 
changes; indicating an absence of the light signal 
due to breakage of the optical fibre. Clearly, break- 
age of the optical fibre could be due to a fault 



condition for the wearable etement to or In which 
file optical fibre is attached or to wear of the 
element to the point at which the optical ffere sn the 
element has been exposed and broken. 
5 Although it is known to use optical iibres for 
the transmission of data wnen electrical insulation 
and isolation are requireo and it is also known to 
use optical fibre as a sensor or transducer by 
modifying an optical parameter of the fibre, neither 
70 type of application is the same as the present 
invention wherein an optical fibre Is used to detect 
failure of a wearable element By tiieir very nature, 
wearable elements have to be replaceable and 
consequently as in«(pensive as possible. Equally. 
75 a condition indicator such as a breakage or wear 
indicator for wearable elements has to be inexpen- 
sive. Hitherto, fibre optic devices have tended to be 
expensive and intrinsically non-disposable and tiius 
commercially not thought to be applicable to failure 
20 detection of a wearable element. 

More particularly, in accordance with flie 
present invention a fibre optic condition indicator 
system for a wearable element comprises:- 
a loop of optical fibre attached to or wltiiln a 
25 wearable element; 
a light signal generator; 

means to optically couple one end of the fibre optic 
loop to tine light signal generator; 
a light signal detector, anranged to produce an 
90 output signal in response to reception of light at or 
above a given level of Intensity; 
means to optically couple the other end of the fibre 
optic loop to the light signal detector and, 
warning means connected to the ou^ut of the light 
35 signal detector; 

wherein the light signal is solely the presence or 
absence of light of given intensity and the optical 
coupling means are readily dis-connectable and 
are constnicted to transmit sufficient light to maln- 
40 tain said level of Intensity. 

An indicator system in accordance with this 
particular aspect of tiie present invention is a mini- 
mum system in terms of complexly and compo- 
nents, so as to fulfill tile cost requirement of a 
45 disposable system. Whereas it might be tiiought 
that the simplest and hence cheapest fibre optic 
condition Indicator system would employ a single 
opb'cal fibre attached to a wearable element, rely- 
ing on ttie ability of an optical fibre to transmit light 
so signals in eittier direction wltiiout interference of 
one signal witir tfie otfier, we have discovered that 
the simplest effective indicator system requires an 
optical fibre loop witin ihe apparent additional com- 
plexity of running parallel optical fibres fl-om the 
generator and detector to flie wearable element 
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with separate optical couplers connecting each end 
of ttie loop to the signal generator amf cfetector 
respectively. 

Preferably, the optical fibre s a rmamiSllanKnt 
in the application of the present iimwnian to a s 
breakage and/or wear incficator m a catHjort efecftSc 
traction current collector, the frequency of the light 
signal is chosen to best match the optimum trans- 
missivity of the optical fibres; this being because 
the connection of the optical fibre loop to the rest io 
of the indicator system and fte installation of a 
collector on a pantograph requhss several serial 
connections between the generafor and the indica- 
tor and this inevitably results in Joss of light signaf 
intensity at each connection. In the application of is 
the present invention to a dynamo electric brush 
wear indicator, the optical fibre is a monofilament 
of plastics material, the optical couplings are very 
simple snap-in connectors and a visible frequency 
is chosen for the light signal. This enables simple » 
idenflfication of a wom bnjsh in a multiple brush 
Installation. In response to a wear indication signal 
being output by the warning detector, which signal 
could be an alarm light or an audible alann, a 
maintenance engineer merely has to disconnect ss 
each optical coupler in turn to look for presence or 
absence of light in the fibre; absence of light in- 
dicating a wom or otherwise damaged tsrush. By " 
this means, no test equipment, such as a continuity 
meter need be used within the dynamo electric 30 
machine; which can be left nmning whilst the 
checks are made. 

The above and other features of the present 
invention are illustrated, by way of example, in the 
drawings wherein:- ^ 

Fig. 1 is a schematic view of a pantograph 
including a breakage/wear Indicator system in ac- 
cordance with the present invention; 

Rgs. 2 and 3 are, respectively, an end ele- 
vation and an underplan of a carbon electric trac- 40 
tion cun-ent collector to which an optical fibre loop 
is attached for breakage indication; 

Rgs. 4 and 5 are, respectively, an end ele- 
vation and an underplan of a carbon electric trac- 
tion current collector in which an optical fibre kwp « 
is mounted for breakage and wear indication; 

Rg. e is a schematic diagram of ttie con- 
dition indicator system of Rg. 1; 

Rg. 7 is a schem^c diagram of the elec- 
tronic control unit of Rg. 6; so 

Rg. 8 is a schematic diagram of a brush 
wear indicator system for a dynamo elecbic ma- 
chine in accordance witti the present invention; and 
Rgs. 9 and 10 are, respectively, an end and 
a side elevati"on of an optical fibre loop mounted in 55 
a brush for wear indication. 

Rg. 1 shows a Brecknell-Willis pantograph 1 
which has a British Raii Auto Drop Device (ADD) 



system which operates pneumatically to lower the 
pantograph 1 when eitfier of a pair of carbon elec- 
tric traction cun-ent collectors 2. 3 are damaged. 

Rgs. 2 and 3 illusft-ate one fonm of carbon 
collector 2 which has a pair of channels 4. 5 in tiie 
under-surface 6 of tiie collector, each channel run- 
ning parallel to and inset from a side edge 7, 8 of 
tiie collector. One end 9 of ttie collector has a 
cross piece 10 from one channel to tiie ottier in the 
under-surface. In use, a hxip of a monofilament of 
optical fibre, such as 200 mteron silica fibre e.g. 
Ensigne Bickford Type HCR 2127. is bonded into 
tiie two channels in the collector and passes from 
one channel to the oflier via ttie cross piece 10. 
The bond between fibre and collector is stiwig and 
inflexible so tiiat damage to tiie collector such as 
wouW fracture flie carbon will also break ttie optical 
fibre and intemipt light b^tfismission ttirough ttie 
fibre. 

Rgs. 4 and 5 illusti-ate anotiier form of carbon 
collector 3 whksh has a single channel 12 in tiie 
undersurface 6 of tiie collector, the channel running 
longitudinally and centrally between the side edges 
7,8 of the collector. This form of collector 3 also 
has a longitudinal hole 13 at a deptii "d" below ttie 
collector upper sur^ 14, ttie longitudinal hole 
being aligned above channel 12. The deptti "d" is 
ttiat at which ttie collector would become dan- 
gerously worn. A monofilament of optical fibre 11 is 
passed as a loop ttirough hole 13 about one end of 
ttie collector and back along groove 12. Again ttie 
fibre is bonded to ttie collector. In ttiis form fracture 
of tiie carbon will break tine fibre; wear of ttie 
collector to ttie wear point at depfli "d" will also 
break ttie fibre. 

In the system lllustirated by Rgure 6, a pair of 
optical monofilaments 15 feed ttirough a mechani- 
cal splitter 16 so tiiat one fibre 17 of the fibre pair 
joins one connecting part 18 of an optical coupler, 
ttie ottier connecting part 19 of ttie coupler being 
joined to one arm of an optical fibre loop 11 fitted 
to one carbon collector (2 or 3). The ottier arm of 
tills optical fibre loop 11 is optically coupled, via 
connector parts 19 and 18, a bridging optical fibre 
19a and connector parts 20 and 21 of anotiier 
optical coupler to be in series witii an ann of an 
optical fibre loop 11 fitted to tiie second cartxjn 
collector (2 or 3). Rnally, ttie ottier ami of tiie 
second optical fibre loop 11 is optically coupled, 
via connectors 20 and 21 to tiie ottier fibre 22 of 
the optical fibre pair 15. 

Rbre pair 15 is tiien run along the arms of tiie 
pantograph 1 to optical connectors 23 on an insula- 
tor 24 mounted on tiie roof 25 of an elecbic power 
car. A furttier optical fibre pair 26 mnning from 
anotiier optical connector 27 beneatti ttie insulator 
24 to an optical connector 28 to couple to tiie 
system's electronic contitjl unit 29. In ttie example 
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illush-ated^ a further optical fibre pair 30 runs from 
the eledranic utut 29 to an optical height limit 
swHcfe 3t; the futictiort of which is to prevent over 
extensiart of the pantograph arms. The presence of 
height Bmt switch 31 necessitates a further opticaf s 
B! line coniteetor 32 In fibre pair 15. Thus the 
actual optical circuit comprises one fibre of pair 26 
running from the electronic control unit 29, through 
insulator 24. up the pantograph arm, serially around 
both carbon collectors, down the other fibre of pEur jo 
15 eiong the pantograph arm, back through the 
insulator and then to the electronic control unit 
Engineering reqan-ements, including the replace- 
able carbon collectors, means tiat ttiere are ten 
optical connections in the circuit loop, each con- rs 
nection resulting in a loss of light intensity. To 
minimise loss of light and to cope with the severe 
operating environment, the optical couplers aie 
sturdy, well protected multi-way connectors, in-line 
connectors such as couplers 18 and 19. 20, 21 and 20 
32 being fixed to the pantograph framework. A 
suitable optical connector is a Souriau Type 8 P 
with modified contacts to suit HCS cable. 

Rrially, the fibre pair 15 is protected by a loose 
sheathing. ^ 

Fig. 7 is a block diagram of the electronic 
control unrt 29 which is shown to comprise a power 
supply 33 and an associated electronic monitoring 
system, the system basically consisting of a signal 
generator 34 which supplies an electric togic level 30 
signal to an opto-electric transmitter 35, typicaBy 
transmitting at 850 nm wavelength. The input end 
of tiie optical fibre 17 is optically coupled to the 
transmitter 35. The output end of the return optical 
fibre Is optically coupled to an opto-electronlc - 35 
schmHted receiver 36 to sense a lack of received 
light from fibre 22. A system indicator 37 and a 
relay 38 are serially connected to the output of 
receiver 36. The receiver outputs an electric logic 
level signal the state of which depends upon 4o 
whether or not the intensity of received light is 
below a set threshold level. The system indicator 
37 is ananged to indicate when light of sufficient 
intensity is being received and the relay is ar- 
ranged to operate volt free contacts 39 (for remote 4S 
indication etc. and/or local audible or visual 
alarms) when the intensity of received light ^Is 
below the set threshold level. 

A test facility is also provided that allows isola- 
tion of remote alanns and monitoring of signals so 
from the installed optical circuit. The principle in- 
volved is that of continuity throughout an optical 
fibre path and indication of a failure in the optical 
path producing a lack of continuity or an Intensity 
of received light below that of a set threshold level, ss 
The test facility enables an operator, such as a 
motorman, to check that the indicator system is 
itself fault free. Ganged switches 40 and 41 switch 



tiie input to transmitter 35 from> the ssgnai g^arafor 
34 to a test signal generator 42 tnal outputs low 
frequency pulses, typically wittt an Q.5 second 
pulse repetitiort fisquency, antf an LED jodicalor 43 
is connected Mmeen the test slgnai gisnecator and 
the switeh 4£ Similarlyi. swiSEh- *t smttoas ifte 
output from receiver 36 to a further LED= snaicator 
44. Swifching to test produces a 2 o.p.s. ftasmng 
light signal from fiie "transmission OK" indicator 
43, a 2 c.p.s. flashing iight signal from the ""system 
OK" indicator 37 and a 2 c.p.s. flashing lignr signal 
ftom the "receiver OK" indicator 44. 

Rg. 8 shows a dynamo electric brush wear 
Indicator system to comprise an electronic control 
unit 45, generally similar to ttie circuit 57 but with- 
out the test facility, using an LEO as an alarm light 
instead of or as well as volt free relay contacte and 
with the transmitter emitting Bght at a viable fre- 
quency. 

A pair of plastic monofilament optical fibres 46 
and 47 are opticaily coupled at 48 to the fransmit- 
1^ and receiver of the electronic unit 45 and a lead 
to a bulkhead fitting 49 on the casing 50 of a 
dynamo electric machine 51 having a slip ring or 
commutator 52 and a pair of bnjshes 53 and 54. 
Within the bulkhead fitting 49, an in-line connector 
55, 56 optically couples each fibre to inter-connect- 
ing fibre optic links 57 and 58 respectively, also 
being plasfic monofilamente. 

Each brush 53 or 54 has a loop of optical fibre 
59 or 60,again a plastic monofilament embedded or 
otherwise passing down through or against a side 
face of the brush, with the fibre loop terminating at 
a given depth "D", the majdmum safe wear depth, 
friom the brushes contact face 61 (see Rgs. 9 and 
10). Wear of the brush to this wear depth will break 
the optical loop. Cleariy, fiie optical fibres are in- 
trinsically Isolated and Insulated from the bnish and 
moreover, contact between the optical fibre and the 
Slip ring or commutator will cause no or minimal 
damage. 

Each brush loop 59, 60 has in-line connectors 
62,63 respectively optically coupling one arm of 
each loop ^,60 to interconnecting loops 57 or 58. 
A further fibre opfic Dnk 64, temiinating at either 
end in an In-line connector 65 or 66 opfically cou- 
ples the other ami of each of the loops 59,60. By 
this means the wear sensing fibre optic loops 59 
and 60 are optically serially connected between the 
transmitter and receiver of the electronic control 
unit 45. Up to four brush wear sensors may be 
serially optically coupled in this way, system losses 
pemnitting. 

An alarm signal or operation of the alarm out- 
put relay indicates an inten-uption in the optical 
signal passing over the whole of the fibre optic 
loop, such as may be caused by wear breakage of 
the optical fibre in one of the brushes. Identification 
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of the worn bnush can be achieved by simply 
dsconnecting e^h optical coupler in turn starting 
front the trauTOittar end looking for tlie absence of 
light in the cqmiropriate fibre. 

In dpsmoft^ectric machines having large num> 
bers of bruaiiai^. the brush wear indicator system is 
anranged with several fibre opBc loops in parallel 
and brushes either singly connected in each loop 
or several brushes serially connected in any one 
loop. 



or D) for the wearable element (3 or 53,54) such 
that wear of the element to the wear point will 
break the optical fibre to internjpt transmission of a 
light signal through the optical fibre loop. 

5 5. A system as claimed in claim 4, wherein the 
wearable element is a brush (53,54) for a dynamo- 
electric machine (52). one or more brushes being 
serially connected in an optical fibre loop (46,57, 
59,64,60,58,47) and further optical fibre loops being 

10 connected in parallel with said an optical fibre loop. 



Claims 

t. A condition indicator system for a wearable is 
element comprising a conduotJM' attached to or 
within a wearable element, means connected to 
one end of the conductor to transmit a signal 
therethrough, means connected to the other end of 
the conductor to detect the transmitter signal so 
characterised in that the conductor is an optical 
fibre (11 or 59,60) and detector means (36) are 
an-anged to produce an output signal contingent 
upon the transmitted light signal and warning 
means (38.39) are an-anged to generate a failure 25 
signal when the detector means output signal 
changes. 

2. A system as claimed in claim 1 and charac- 
terised in that it comprises:- 

a kwp (tt or 59.60) attached to or «^ln a wear- 30 
able element (2,3 or 53,54); 
means (20,21 or 55,62,65) to optically couple one 
end (17 or 46) of the fibre opfic loop to a light 
signal generator (35); 

a light signal detector (36), anranged to produce an as 
output signal in response to reception of light ti or 
above a given level of intend; 
means (18,19 or 66, 63, 56) to optically couple the 
other end (22 or 47) of the fibre optic loop to the 
light signal detector; and, « 
warning means (38.39) connected to the output of 
the light signal detector; 

wherein the light signal is solely the presence or 
absence of light of given intensity and the optical 
coupling means are readily disconnectable and are 46 
constructed to transmit sufficient light to mantain 
said level of intensity. 

3. A system as claimed in claim 2 and charac- 
terised in that the wearable element is a cartxm 
electrical traction current collector (2 or 3) and the so 
optical fibre loop (11) is attached to the carbon 
collector in such manner that breakage of the car- 
bon collector would break the optical fibre to inter- 
rupt transmission of a light signal through the op- 
tical fibre loop. 55 

4. A system as claimed in claim 2 or claim 3 
and characterised in that part of the optical fibre 
toop (11 or 59.60) is fixed sA a given wear point (d 
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